The Lake Theo site is one of a handful of excavated Folsom-aged bonebeds on the Southern Plains. Despite the importance of this site, only limited research has been conducted on the collection. This limitation is a consequence of most of the bones being housed in sediment blocks removed from the field. This study makes use of recent efforts that have made the collection more accessible for research. Both taphonomic observations on the bone assemblage and statistical analyses that evaluate models of natural and cultural pre-and postdepositional processes now are reported. Taphonomic observations are consistent with the hypothesis that sediments buried the bonebed shortly after the carcasses were deposited. Forward stepwise multiple regression analyses indicate that the total products utility model is the best-fitting model. As such, the analyses suggest that Folsom hunters transported elements of higher utility away from the Lake Theo bison kill for further use. The actions of water flow and other natural destructive processes have not significantly influenced the observed skeletal element frequency.
Introduction
The Early Paleoindian period in North America encompasses the transition from the late Pleistocene to early Holocene (ca. 13,300 to 11,900 cal BP (calibrated years before present)). On the Great Plains, this time period marks the extinction of the megafauna and the shift to an almost exclusive reliance on bison hunting by highly mobile Folsom Paleoindians (Amick, 1996; Frison, 1998 Frison, , 1991 Todd, 1987a) . Although the evidence for Folsom hunters focusing on bison is well established, questions about particular hunting strategies, butchering techniques, and seasonal settlement and subsistence patterns persist. One of the problems with regard to assessing the latter set of questions is the limited number of Folsom-aged bison kill sites that are available to address regional patterns. To improve this situation, researchers over the past two decades have relied on the reanalysis of museum collections from previously excavated Folsom sites (e.g., Byerly et al., 2005; Frison and Todd, 1987; Hill 1994; Meltzer et al., 2002) , reexcavating previously known Folsom sites (Meltzer, 2006; Meltzer et al., 2002) , and, when possible, excavating newly discovered Folsom kill sites (e.g., Hill and Hofman, 1997; Meltzer et al., 2006) . This article follows the first approach by reanalyzing a museum collection of a well-known Folsom-aged bison kill, the Lake Theo site (Harrison and Killen, 1978; Harrison and Smith, 1975; Johnson et al., 1982) .The Lake Theo site was excavated in the 1970s, prior to the widespread use of taphonomic models in the archaeological investigation of bonebeds. Recent studies showed that in-depth analyses of site formation processes can change the interpretation of Paleoindian bonebeds dramatically (e.g., Todd and Rapson, 1999) . With this in mind, we reanalyzed the Lake Theo collection with a view to assessing the excavators' original hypothesis that the bonebed was a kill and possibly a butchering station that was rapidly buried by alluvium and little affected by natural processes (Harrison and Smith, 1975) .
Background
Lake Theo (41BI70) is a stratified site located in Briscoe County, Texas within Caprock Canyon State Park that encompasses a portion of the eastern escarpment of the Southern High Plains (Figure 1 ; Harrison and Killen, 1978; Harrison and Smith, 1975; Johnson et al., 1982) . The eastern escarpment is an ecologically rich transitional zone between the High Plains and the Rolling Plains physiographic regions. The site is situated next to a modern lake formed by the damming of Holmes Creek, a tributary of the Red River. The area surrounding Lake Theo is relatively abundant in natural resources including water, wood, fauna, and high-quality stone for tool making (Tecovas jasper; see Holliday and Welty, 1981 and Willey and Hughes, 1975) . Over a period of a few millennia, Paleoindian (Folsom and Plainview) and Archaic peoples took advantage of this particular location at different times. According to the conventional chronology, the Folsom period begins around 12,830 calBP and ends about 11,900 calBP (Collard et al., 2010) . The Plainview period likely overlaps on the younger end of Folsom's time range and lasts for 1000-500 years ( Holliday et al., 1999) . The Archaic period encompasses a broad time range usually considered to be 9000-2000 calBP on the Southern Plains (Johnson and Holliday, 2004) . The focus of this study is on the Folsom occupation at Lake Theo.
Excavations at Lake Theo were carried out in 1974 and 1977 by researchers from the Panhandle-Plains Historical Museum. Fieldwork in 1974 concentrated on the excavation of the Folsom-aged bonebed that was eroding out of the northern edge of the terrace. The bones were found densely concentrated within a swale that spanned more than 12 m in length (Figure 2; Harrison and Smith, 1975) . The bonebed lay in a layer rich in clay and calcium carbonate (a weakly developed Btk), described as fine-grained overbank alluvium (Holliday, 1997: 159) . Excavation of the bonebed was difficult because most of the bone was crushed and coated with calcium carbonate. Several stone tools and Folsom points were found among the bones suggesting human involvement in the accumulation of the bison. Two decades after the excavations, Todd et al. (1996) analyzed mandibles from the site and determined that at least 10 bison were killed at Lake Theo (based on a count of left second molars) and that the season of death was the fall (dental ages from N+.4 and N+.6 years). In sum, the evidence suggested that Lake Theo was a bison kill where at least 10 bison were dispatched and butchered by Folsom hunters at the edge of Holmes Creek, after which the bone was buried by alluvium.
The evidence from the lithics found in association with the bonebed suggests a possible reason why Folsom hunters were in the Lake Theo area (Buchanan, 2002) . Namely, that high-quality Tecovas jasper, an important source of tool stone for Folsom hunters, outcrops near Lake Theo (Holliday and Welty, 1981; Willey and Hughes, 1975) . Many of the tools and points found in the bonebed are made from materials whose sources were far removed from Lake Theo, including Edwards chert, the closest source of which is approximately 200 km southwest of the site, and Alibates agate, a material that outcrops approximately 115 km northwest of the site. The tools made from distantly transported materials are in poor condition, heavily resharpened, and broken, whereas, a few large, unresharpened tools and most of the debitage at the site were made of locally available Tecovas jasper. This pattern suggests Folsom hunters were discarding depleted tools and points made of materials transported long distances and refreshing their toolkit with new tools made of the locally available material.
Another aspect of the Folsom occupation at Lake Theo was the evidence of a possible ritual feature within the bonebed. The feature was discovered during the removal of a large block of the bonebed that was inadvertently cut in half as it was being prepared for a museum display. The feature consisted of a thoracic spine, a femur, two tibiae, and three mandibles placed in a circular pit. All were oriented distal-end down except for the femur. The pit extended approximately 30 cm below the bonebed. A photograph of the display block prior to its removal from the ground showed the outline of the pit in the sediment above the bonebed, indicating the pit was dug through the bonebed sometime after its accumulation (Harrison and Smith, 1975: 92) . The excavators concluded that a cranial segment found near the feature belonged to a skull that may have capped the feature.
Beyond the intriguing evidence for ritual, the Folsom bonebed at Lake Theo is important because it is one of a limited number of excavated Folsom occupations on the Southern Plains. As such, Lake Theo has the potential to provide valuable information on Folsom lifeways. Little is known, however, about the cultural and natural processes that influenced the accumulation of the Folsom-aged bonebed at Lake Theo. One of the main obstacles in understanding the taphonomy of the bonebed has been the inaccessibility of the bone, a consequence of its poor condition and lack of adequate curation.
During fieldwork, dense portions of the bonebed were excavated in sections by pedestalling bone and the surrounding sediment and then removing the bone and sediment in blocks. The blocks then were placed in cardboard boxes for transport to the Panhandle-Plains Historical Museum (Figure 3 ). During transport of the bone to the museum, the blocks were exposed to rain and the subsequent drying led to extensive cracking of the bone and the surrounding matrix (Harrison and Smith, 1975: 74) . While in storage, temperature, relative humidity, and light interacted to further degrade the bone (Bradley, 1994; Feller, 1964; Lull and Merk, 1982; Michalski, 1993; Pye, 1984; Thomson, 1986) . The boxes containing the sediment and bone blocks were housed in this condition until a major effort to inventory, clean, stabilize, catalog, and re-house the collection was carried out by Baxevanis (1997) . Baxevanis' (1997) work documenting the Folsom-aged bone from Lake Theo is foundational to the present study.
This study uses taphonomic observations and new counts of skeletal elements to assess the hypothesis offered by the excavators that the Folsom bonebed at Lake Theo was a kill and butchering station that was rapidly buried by alluvium and little affected by natural taphonomic processes. To accomplish this, we carried out quantitative analyses, including forward stepwise multiple regression (FSMR) and nonparametric correlation, to assess the relative importance of several cultural and natural processes that could have contributed to the observed frequency of skeletal elements.
Excavation and stabilization methods of the bone assemblage
The goal of the 1974 field season at Lake Theo was to recover the Folsom-aged bonebed (Harrison and Smith, 1975) . To accomplish this goal, a total of 24 5ft 2 (1.5 m 2 ) units were excavated during the first field season (Figure 4 ). The excavations employed 1/4 00 mesh to screen approximately half of the sediments removed from units and the other half was sifted through 1/8 00 mesh. The exposed bison bone was crushed and coated with calcium carbonate. To treat the poorly preserved bone, excavators applied a commercial-grade polyvinyl acetate emulsion (Elmer's Glue) mixed with water to the bones and, in the process, they irreversibly sealed sediment to the bone surfaces. Individual bones were labeled in the field using a black felt marker that also covered portions of intact cortical surfaces. A crew from the Panhandle-Plains Museum returned to Lake Theo in 1977 to delineate the areal extent of the Folsom occupation (Figure 4 ; Harrison and Killen, 1978) . They used mechanical trenching of the terrace to the south of the bonebed and several hand-excavated test units along the eroded southwest margin of the site to probe for additional evidence of the Folsom occupation (Figure 4) . During this work a small section of a bonebed was discovered in a backhoe trench approximately 55 m south of the Folsom bonebed. The bone exposed in the trench lacked diagnostic artifacts and was undated and, therefore, could not be associated with a particular archaeological culture. However, the low density of bone in excavation units immediately south of the Folsom bonebed suggested that the bonebed uncovered in the trench was part of a separate kill, and, therefore, it was excluded from our analyses.
The work by Baxevanis (1997) to re-house the Lake Theo bone was initiated more than two decades after the excavations. Processing of the sediment and bone blocks included the excavation and water screening of the sedimentary matrix encasing the bones in each block. Sediments were screened through a nested set of 1/4 00 and 1/16 00 mesh. This procedure recovered numerous bone segments that were in most cases conjoined to the larger elements in each block. Several lithic flakes and a bifacial tool also were recovered during this process (see Buchanan, 2002) . A number of identifiable bones and bone segments recorded in the field could not be located during Baxevanis' (1997) work. While many of these bones were in the sediment blocks taken to the museum, over the years some field numbers became disassociated with the specimen through breakage and erosion of the cortical surfaces. Therefore, they may likely be represented in Baxevanis' (1997) tally of elements but without provenience within the bonebed. For this reason, we consider the final count by Baxevanis (1997) to be the most accurate count currently available.
Taphonomic observations on the Lake Theo bone assemblage
The faunal assemblage from the 1974 excavations at Lake Theo comprises more than 24,600 bones and bone segments, the majority of which (n & 19,600) are small fragments unidentifiable to element. Identifiable bone and bone segments make up 21% (n ¼ 5037) of the assemblage. Sample size does not appear to have affected relative taxonomic abundance (see Cannon, 2001 ) as the elements considered in this analysis consist exclusively of Bison antiquus. The identifiable bones and bone segments were conjoined or cataloged together based on similar morphology and proximity of segments within a block to comprise 635 complete or partial identifiable elements. Of the identifiable elements, a minimum of 371 elements has been determined by comparing side, end, size, and degree of fusion.
The Folsom-aged bone recovered from Lake Theo suffers from both pre-and postexcavation damage that has diminished the degree to which taphonomic observations can be made. Despite this situation, Baxevanis (1997) was able to make limited observations of weathering on the cortical surfaces of the bone. Subaerial weathering, the decomposition and destruction of bones from exposure, begins when the soft tissue on a carcass is removed (Lyman and Fox, 1989) . The weathering of bones occurs when they are on the surface of the ground and exposed to sun, wind, water, or frost (Chamberlain, 1994) . Weathering begins as fine parallel surface cracks that become progressively deeper and wider with longer exposure times (Behrensmeyer, 1978; Lyman, 1994; Tappen, 1994; Todd, 1987b) . After considerable exposure, bone surfaces may deteriorate by exfoliation (Johnson, 1985) . The degree of weathering on the Lake Theo bone has been recorded using a classification system derived from Behrensmeyer (1978) and Johnson (1985) . This classification system ranks evidence of weathering using a series of four ordinal stages: (1) no sign of weathering; (2) initial lateral cracking; (3) advanced lateral cracking; and (4) exfoliation of cortical surface. The rate at which bones progress through these stages of weathering is dependent on various factors, including the density of the bone, the soil pH level, and the amount of shade covering the bones during exposure to the atmosphere (Behrensmeyer, 1978) . The four stages of weathering are used in this study as relative measures of surface exposure.
Examination of intact cortical surfaces for evidence of subaerial weathering showed that nearly all of the identifiable bone and bone segments exhibited some degree of weathering (99.8%). Cracking was the most prevalent type of weathering (stages 2 and 3; 49.3% and 44.7%, respectively). Only a small proportion of bones showed signs of exfoliation of the cortical surface (stage 4; 5.8%) and a single incisor showed no evidence of weathering (stage 1; 0.2%). Ribs and rib segments exhibited the highest proportion of weathering (20% including stages 1, 2, and 3).
After bones are buried, weathering can continue in the form of chemical degradation. Chemical weathering is a postburial, subaqueous process having to do with water transport and the concentration of chemicals. Chemical degradation occurs within the microenvironments of the burial substrate (Johnson, 2006) . Damage begins on the cortical surface and progresses inward (Bromage, 1984) . For Lake Theo, the fluvial deposits (overbank floodplain sedimentation) and the soils developed within are highly calcareous (Johnson et al., 1982) . The Folsom bonebed is in place in upper unit 2 in which a soil subsequently developed. Downward water transport of calcium carbonate (CaCO 3 ) has moved CaCO 3 through the system as well as concentrated it. The transport and concentration of CaCO 3 is most likely responsible for the chemical weathering seen on the Lake Theo bones. Baxevanis (1997) examined the bone assemblage for evidence of this type of weathering. As no formal stages of chemical weathering had been established at the time, Baxevanis (1997) devised a categorization system to evaluate the degree of chemical weathering similar to the stages of subaerial weathering. Classification of chemical weathering stages was based on the proportion of cortical surface remaining in areas of a bone exhibiting the highest degree of chemical weathering. Five ordered classes ranging from the absence of chemical weathering (100% of cortical surface intact) to extreme chemical weathering (0% of cortical surface remaining) were used in the classification. The three other stages identify the percent remaining of cortical surfaces in 25% increments (slight, 75% cortical surface remaining; moderate, 50%; and severe, 25%). Examples of bones with chemical weathering at each stage are shown in Figure 5 .
Inspection of the intact cortical surfaces showed that the majority (88%) of identifiable bones and bone segments exhibited some degree of chemical weathering. Most of the chemical weathering found on the bones was slight (34%), followed by moderate (26%) and severe (20%). A small proportion of the bone surfaces exhibited extreme chemical weathering (8%). The remaining proportion (12%) of bones did not exhibit any sign of chemical weathering.
Root etching also is observed on the intact cortical surfaces. The roots and rootlets of plants and grasses are known to exude acids that can dissolve bone surfaces and cause etching (Lyman, 1994; Schiffer, 1987) . Root etching can be a preburial to postburial process and indicates a plant-supporting sedimentary environment. Moss and lichens grow on exposed bones in appropriate environments (generally cool, damp, shady areas with water). Or, more commonly, bones are buried within the vegetation root zone (Johnson, 2006) . The A-horizon that developed in upper unit 2 indicates a stable landscape and vegetated surface. At that point, the encased Lake Theo Folsom bonebed would have been within the root zone.
Root etching is characterized by shallow, multidirectional grooves that are U-shaped in cross section (Andrews and Cook, 1985) . The patterns formed by etching have been described as wavy and are distinguished easily from cut marks (Lyman, 1994; Marshall, 1989) . Root etching is extensive and occurs on a large proportion of the bones at Lake Theo (78.9%).
In addition to subaerial weathering processes, carcasses exposed on the surface can be scavenged by carnivores and rodents, whose actions can damage and potentially obscure or complicate perimortem and postmortem patterning. Carnivores usually leave distinctive marks and features on bones such as pitting, punctures, scoring, and horizontal tension failures (Binford, 1989; Fiorillo, 1989; Johnson, 1985; Lam, 1992) . Rodents produce gnaws marks that usually are concentrated on projecting areas of bones and generally cause less damage than carnivores (Chamberlain, 1994; Lyman, 1994) . Examination of the bone reveals limited evidence for carnivore gnawing (6%) and even less evidence for rodent gnawing (1.4%).
Lastly, indications of cultural modification of bone include possible cut marks and helical fractures. The evidence for these types of modifications, however, remains equivocal. Baxevanis (1997) examined the intact cortical surfaces on all of the bones and identified two possible sets of cut marks. The two sets of cut marks are located on a metatarsal (A917/876) and a scapula (A917/ 710). Human-produced cut marks are distinguished from natural marks by their general and micromorphology, location, and direction (Domı´nguez-Rodrigo et al., 2009 Johnson, 1989 Johnson, , 2007 Johnson and Bement, 2009; Johnson et al., 2013; Shipman et al., 1984) . Both sets of marks are thin, straight, and parallel, matching the general morphology expected for cut marks. Sediment adhering to both sets of marks partially obscures them and prevents their verification by scanning electron microscopy, an established procedure for discriminating butchery marks from trampling and carnivore modification (Johnson, 2007; Shipman, 1981a Shipman, , 1981b Shipman, , 1988 Shipman, , 1997 . In addition to the two possible cut marks, seven separate helical fractures on long bone segments have been identified. This type of fracture can indicate the application of force to fresh bone by humans (Johnson, 1985 (Johnson, , 1989 Johnson et al., 2012) . A more in-depth analysis of the features that characterize the fractures is warranted. Clearly, further analyses of the suspected cultural modifications would yield more reliable inferences concerning human butchery and bone breakage at Lake Theo. At this time, the suspected cultural modifications to the Lake Theo bone remain unverified.
In sum, taphonomic information gleaned from the bone assemblage is limited due to the highly fragmented state of most of the bone and the poor preservation of the cortical surfaces. However, some basic inferences can be made from the available taphonomic observations. Evidence of weathering and chemical degradation of most of the assemblage, as well as root etching, suggests that the bones were shallowly buried by floodplain sediments shortly after the bison carcasses were deposited. The patchy spatial distribution of these modifications and the evidence of some cracking and exfoliation of cortical surfaces suggest that portions of the bonebed may have been exposed longer than others. Additionally, the evidence of carnivore and rodent gnawing on a limited number of bones suggests that parts of the bonebed were exposed for a period of time long enough to allow scavengers to locate the carcasses. Possible cut marks and helical fractures suggest manipulation of the bison carcasses by humans prior to deposition. More clear-cut evidence for human involvement in the kill and butchery of the bison at Lake Theo, however, comes from the documented association of several stone butchering tools and projectiles points recovered within the bonebed (Buchanan, 2002; Harrison and Killen, 1978) .
Quantitative analyses of the skeletal element frequencies
While the taphonomic observations on the intact cortical surfaces of the Lake Theo bone suggested relatively rapid burial and limited use by carnivores and rodents, these observations are obscured by the poor condition of the bone resulting from both pre-and postdepositional destructive processes. Another line of evidence that can be used to investigate cultural and natural taphonomic processes is the comparison of the observed skeletal element frequencies with models of expected skeletal element frequencies based on known processes. This investigation commonly is done by correlating the observed frequencies of elements with bone utility and density models to determine if human actions or natural processes affected the observed skeletal element frequencies (Lyman, 1985) . In the following section, we describe the statistical methods used to test several competing models using the observed and expected frequencies of skeletal elements.
Statistical methods
The skeletal element frequency data are compiled from Baxevanis (1997) . Because so much of the Lake Theo bone assemblage remained mostly unexcavated for decades following the fieldwork, Baxevanis' (1997) skeletal element count is more representative than the one published by the original excavators (Harrison and Smith, 1975) . Table 1 lists the skeletal element frequencies in terms of percent minimal animal units (%MAU). Minimal animal unit is a measure that divides the number of elements representing each anatomical part (or portion) by the number of times the part occurs in a complete skeleton (Binford, 1978 (Binford, , 1981 (Binford, , 1984 . The effect of this calculation is to standardize the observed counts of the elements to individual skeletons. These values are standardized further by dividing each of the values by the highest valued part in the assemblage and multiplying by 100. The %MAU tabulation for Table 1 includes counts of nearly complete shafts from long bones.
Four models of taphonomic processes were tested against the observed skeletal element frequencies. Two of the models represent expectations for natural processes, and two models describe expectations for cultural processes. The natural processes are density mediated attrition and fluvial transport. Densitymediated attrition is modeled using volume density (VD) estimates for individual bison skeletal elements (Kreutzer, 1992 (Kreutzer, , 1996 . VD values were obtained by Kreutzer using a dual energy X-ray densitometer to scan multiple locations of each element. Kreutzer scanned elements from 12 different bison ranging from 4 to 15 years in age and then averaged the values. In the density mediated attrition model, the elements with lower densities are expected to be the first to undergo attrition via natural destructive processes, including weathering, compaction, and fragmentation (Binford and Bertram, 1977) . The possibility that certain elements were transported by water is modeled using Todd's (2003) standardized settling velocity index (STD V) for bison bones. Todd (2003) experimentally derived settling rates by dropping bison bones in a water tank and calculating the time each element took to come to rest at the bottom of the tank. Elements with low settling velocities are expected to be subject to a greater degree of water transport. Conversely, elements with high settling velocities are expected to be less affected by the movement of water. The two models of cultural processes are based on measures of economic utility associated with each element. The first is Emerson's (1993) total products utility index for bison (standardized modified average total products model or (S)MAVGTP). The total products model estimates the caloric yield of skeletal fat, muscle protein, and intramuscular and other dissectible fat associated with each element. The second is Emerson's (1993) total fat utility index for bison (standardized modified average total fat model or (S)MAVGTF). The total fat model estimates the caloric yield from only the skeletal, intramuscular, and dissectible fat associated with each element. Estimates for the total products and total fat models have been measured from four bison of different ages and sex (Emerson, 1990) . The resulting values were averaged and then standardized by Emerson by dividing the value for each part by that of the highest valued part and multiplying by 100. Both the total products and total fat models are intended to model human decisions for butchering and transport of certain elements. Bone assemblages deplete of elements with high total product values suggests that these elements were transported away from the site for their associated protein and fat content.
Common practice for the analysis of skeletal element frequencies and the evaluation of cultural and natural taphonomic models of element representation is to independently evaluate each model using the nonparametric Spearman's rank correlation technique (e.g., Hill, 2010; Hill and Hofman, 1997; Meltzer et al., 2002; Todd et al., 1992) . Nonparametric correlation is used because the variables used in the correlation rarely approximate an underlying normal distribution, a prerequisite for the use of parametric statistics. One of the reasons the variables in this type of study often do not approximate a normal distribution is because they are standardized, such as %MAU, (S)MAVGTP, (S)MAVGTF, and STD V in this study. Standardized variables produce a range of values from 0 to 100 that approximate a binomial distribution where the deviation from normality is pronounced for small and large percentages (Zar, 2010) . As a consequence, parametric statistical tests have not been used with these types of datasets. Instead, nonparametric correlation analyses are run independently for each of the models.
As an alternative to running several nonparametric correlation analyses, we have chosen to use parametric multiple regression because the latter is a more powerful approach than the former (another alternative that is less commonly used is nonparametric multiple regression; see McCune, 2006) . Multiple regression can be used to evaluate competing hypotheses simultaneously without increasing the probability of committing a type II error, which is done when several bivariate correlations are carried out. The multiple regression approach also has the benefit of accounting for interactive effects among the models. To avoid violating the assumptions of parametric multiple regression, we have used the arcsine transformation of the standardized values in our dataset. The arcsine transformation takes the square root of each proportion in a binomial distribution and transforms this number to its arcsine (Zar, 2010) . The resulting underlying distribution usually approximates a normal distribution.
All the variables in the dataset were tested for normality with the KolmogorovSmirnov test. The standardized variables-%MAU, (S)MAVGTP, and (S)MAVGTF-as expected were found to be nonnormally distributed. Accordingly, we transformed these variables using the arcsine transformation. After transformation, %MAU (Z ¼ 1.262; p ¼ 0.083) and (S)MAVGTP (Z ¼ 1.319; p ¼ 0.062) had distributions that conformed to the expectations of a normal distribution according to the Kolmogorov-Smirnov test. After the arcsine transformation, the variable (S)MAVGTF remained nonnormally distributed according to the Kolmogorov-Smirnov test (Z ¼ 1.651; p ¼ 0.009). We transformed this variable further by taking the natural logarithm of the values. The resulting arcsine and log-transformed (S)MAVGTF variable was not significantly different from an underlying normal distribution (Z ¼ 1.021; p ¼ 0.248). The other nonstandardized variables, VD (Z ¼ 0.631; p ¼ 0.821) and standardized settling velocity (Z ¼ 0.368; p ¼ 0.999), were not significantly different from an underlying normal distribution and thus were not transformed.
Thereafter, we used FSMR analysis to determine which potential driver variables (VD, (S)MAVGTP, and (S)MAVGTF) have a significant effect on %MAU independent of the other potential driver variables. We used the Akaike information criterion (AIC) to select the best model in the FSMR. AIC is a measure based in information entropy that offers a relative estimate on information lost when a given model is used to represent the process that generates the data. Given a set of related models, the minimum AIC value associated with a particular model will have maximized goodness of fit and minimized the number estimated parameters in the model. Thus, AIC can be used as a model selection procedure. We used the corrected AIC value (AICc) to select the best fitting model. AICc includes a correction for small sample sizes that levies a greater penalty for the inclusion of extra parameters. The analyses were carried out in PASW (SPSS) 19.
Prior to running the FSMR analyses, we assessed the possibility that the potential driver variables were correlated. Lyman (1985) noted a potential problem using the variables of VD and marrow utility to distinguish among patterns of transport versus differential destruction of elements. He showed that estimates of marrow utility for sheep and caribou correlated significantly with bone density. The implication was that the two processes are potentially indistinguishable using element frequencies. After transforming the standardized variables in our dataset, we checked if this relationship held for bison. We regressed both (S)MAVGTP and (S)MAVGTF on VD and the results indicated that neither (S)MAVGTP (p ¼ 0.346) nor (S)MAVGTF (p ¼ 0.979) are dependent on VD.
We also carried out a separate nonparametric Spearman's rank correlation analysis between %MAU and STD V. We did not include STD V in the FSMR because STD V values were only available for 17 of the 59 skeletal elements in the dataset and, thus, were not comparable to the other potential driver variables (VD, (S)MAVGTP, and (S)MAVGTF).
In addition to the correlation analysis, we recorded the orientation of elements using the original maps of the excavation units drawn in the field. Given the imprecision of field drawings, we estimated the orientation of each complete element found on the maps in 30-degree bins. The resulting data were assessed statistically to determine if a preferential orientation of the bone existed within the bonebed or if they were randomly oriented. Preferential orientation of bone can suggest that water flow acted to reorient the bones in a single direction. At Lake Theo, the adjacent Holmes Creek traveled north-to-south, indicating this direction should be the preferential orientation of the bones if they were reoriented by water. We used a G goodness-of-fit test to evaluate this hypothesis (Zar, 2010) .
Results
The FSMR analysis with %MAU as the independent variable and VD, (S)MAVGTP, and (S)MAVGTF as the dependent variables selected a single variable, (S)MAVGTP, in the best-fitting model ( Table 2 ). The model with (S)MAVGTP as the dependent variable had the lowest AICc value (217.555).
The relationship between %MAU and (S)MAVGTP was negative (B¼-0.304), indicating that skeletal elements with high total product values are underrepresented in the faunal assemblage and may have been transported away from the site by humans. The Spearman's rank correlation between %MAU and STD V was nonsignificant (r ¼ 0.431; p ¼ 0.084). This result indicates that elements with low settling velocities were not underrepresented in the assemblage, suggesting that the bonebed was unlikely to have been affected by fast-moving water. The G test indicated that the orientation of the elements recorded in the excavation unit maps was not significantly different from objects randomly oriented in a circular distribution (v 2 ¼ 18.99; p ¼ 0.062; p-value based on permutation test with 5000 iterations p ¼ 0.100). The result of the G test suggests that if water did flow over the bonebed, it was not powerful enough to reorient the bones.
Discussion
The Lake Theo bison bonebed is one of a limited number of excavated Folsomaged bonebeds on the Southern Plains. Despite the importance of this site, little has been known about the cultural and natural taphonomic processes that may have affected the bone assemblage. Until recently, research on the Lake Theo bone was limited in scope because the bone was in poor condition and inaccessible as it remained mostly unexcavated in sediment blocks. Baxevanis' (1997) efforts to excavate, inventory, clean, stabilize, catalog, and re-house the entire collection made it accessible for new research. The present study is the first to make use of Baxevanis' (1997) work with the Lake Theo faunal assemblage.
This study assessed hypotheses concerning the cultural and natural processes that may have impacted the bone assemblage prior to, during deposition, and after burial. The excavators interpreted the bonebed as a kill and possibly a butchering station that was rapidly buried by alluvium and little affected by natural taphonomic processes (Harrison and Smith, 1975) . This hypothesis was assessed with taphonomic observations gleaned from the bone and statistical analyses of the observed skeletal element frequencies against expected models derived from cultural and natural processes. However, taphonomic information collected from the assemblage was limited due to the highly fragmented nature of the bone and the poor preservation of most of the cortical surfaces. The natural modifications that could be assessed included limited evidence for subaerial weathering, chemical degradation, root etching, and carnivore and rodent gnawing. These natural processes indicated that the bones were exposed on the surface for some time prior to burial and also underwent degradation after burial. Surface exposure was not long enough for extensive subaerial weathering or carnivore or rodent modification. Evidence for cultural modifications included indications of cut marks and helical fractures. None of the cultural modifications, however, could be irrefutably verified. Thus, the natural modifications observed on the bones was consistent with the hypothesis that sediments buried the bonebed shortly after the carcasses were deposited, but little could be added from observations of the cultural modifications.
Because only limited taphonomic information was available, statistical analyses of skeletal element frequencies were used to test competing models of natural and cultural processes. To test these competing hypotheses, we used a FSMR approach that allowed us to identify the best fitting model for the dataset. To reiterate, we chose to use multiple regression rather than the more commonly used nonparametric correlation analyses because the former is a more powerful approach than the latter. Nonparametric correlation analyses usually are used because the standardized variables used in the analyses rarely conform to an underlying normal distribution. To enable the use of parametric analyses using the standardized variables, we employed arcsine transformations of the data. The resulting transformed variables approximated an underlying normal distribution and were employed in the multiple regression analyses.
The multiple regression analyses used the observed skeletal element frequencies, in the form of %MAU, as the independent variable and VD and two utility models as the dependent variables. Our results indicated that the total products utility model was the best-fitting model. Differential destruction of elements and the total fat utility of elements were not significant drivers in the model. Furthermore, the actions of water flow and other natural destructive processes appeared not to have influenced the observed skeletal element frequency. The relationship of the best-fitting model indicated that the elements with low total product values (i.e., low amounts of meat, marrow, and grease) were found in significantly greater numbers than higher utility elements. This type of relationship usually is interpreted as a consequence of butchery followed by transportation of elements away from the kill site. In this case, Folsom hunters likely transported elements of higher utility away from the Lake Theo kill locale for further use, perhaps to the adjacent terrace where lithic tools and debris were found scattered across the Folsom-age surface along with abundant bone fragments (Harrison and Killen, 1978) . Thus, the results of our study were consistent with the original hypothesis that the bonebed represents a kill and butchering locale that was buried rapidly by alluvium and little affected by natural taphonomic processes prior to burial.
Lake Theo conforms to models of Folsom hunting behavior in the region in several ways. Bement (2003) defines large kills as having 10 or more bison. Large kills also are defined as (1) occurring along the margins of the Plains; (2) being undertaken predominately in the late summer and early fall; (3) being done using arroyo or gully traps; (4) being the focus of communal groups; and (5) having evidence of only light or "gourmet" butchering. Lake Theo fits the first characteristic and current evidence suggests that Lake Theo also fulfills the second characteristic (Todd et al., 1996) . The third and fourth characteristics are less certain, but possible. The former is suggested by the description of the excavators that the bonebed lay in a 12-m-long swale, or low-lying marshy area. The latter characteristic is difficult to test archaeologically. Given the proximity of important resources to Lake Theo, however, such as water, wood, and tool stone with high predictability in their availability, Lake Theo is a good candidate for an aggregation site (see Hofman, 1994) . Lastly, the fifth characteristic of light butchery is shown here to not be the case for Lake Theo. The results of our study show that Folsom people heavily butchered the bison at Lake Theo to the extent that they transported high utility elements away from the site. Thus, the results of this study suggest that the extent of butchering is perhaps not as strongly linked to the other proposed characteristics of large kills as has been previously assumed.
With this in mind, the obvious next step for future research is to use the more powerful FSMR approach to retest the natural and cultural models at other Folsom sites. This approach may be particularly useful at sites where the extent of butchering is unknown. Bement (2003) lists the assemblage from the Folsom type site as having an unknown degree of butchering and the Waugh assemblage as having evidence for mixed heavy and light butchering. Analyses using the FSMR approach should be able to assess the influence of different cultural and natural factors better than the independent correlation analyses that have been used in the past. Furthermore, the type of analysis carried out in this study might reveal processes that have gone unrecognized in previous studies that have supported particular natural or cultural models using correlation analyses.
Future research using a multiple regression approach also could be used to conduct between site tests of competing models. This type of study should be useful for continuing to explore Bement's (2003) Cooper model of Folsom bison kills with an aim to develop a regional model of Folsom hunting and butchering. Most regional studies of Folsom have been focused on the distinctive and relatively abundant Folsom point (Amick, 1994 (Amick, , 1996 Bement, 1999; Hofman, 1991 Hofman, , 1992 Largent et al., 1991) . Similar types of analyses that focus on the variation in the cultural use of bonebeds are lacking due to a limited comparative sample. The present study attempts to remedy this situation by adding important new data on Folsom bison use on the Southern Plains.
